Myeloid differentiated human leukaemia (HL-60) cells contain a soluble phospholipase C that hydrolysed phosphatidylinositol 4,5-bisphosphate and was markedly stimulated by the metabolically stable GTP analogue guanosine 5'- [y-thio] 
INTRODUCTION
Many hormones, neurotransmitters and growth factors regulate the functions of their target cells by stimulating the hydrolysis of PtdIns(4,5)PJ, thus leading to generation of the two intracellular second messengers Ins(1,4,5)P3 and diacylglycerol. Ins(l ,4,5)P3 regulates the level of intracellular Ca2+ by mobilizing Ca2+ from internal stores [1] , whereas diacylglycerol acts by stimulating members of the protein kinase C family [2] . Similarly to other transmembrane signalling systems, hormonal activation of phospholipase C in most cases requires the interaction of at least three protein components: a receptor moiety, a guaninenucleotide-binding protein (G-protein) and the effector enzyme phospholipase C [3-51. On the basis of a differential sensitivity to pertussis toxin, at least two distinct G-proteins have been postulated to be involved in stimulation of phospholipase C [5] . Despite the tremendous recent progress in identifying various phospholipase C isoenzymes [6, 7] and new members of the family of signal-transducing G-proteins [8] , the identities of the G-protein-regulated phospholipase C enzyme(s) and of the relevant regulatory G-protein(s), as well as the mechanisms of interaction of these components, are largely unknown.
Neutrophils and related granulocytes, e.g. myeloid differentiated human leukaemia (HL-60) cells, express high numbers of several distinct cell-surface receptors for stimuli such as the chemotactic peptide fMet-Leu-Phe, leukotriene B4 and complement component C5a, which are specifically coupled to stimulation of phospholipase C [5, 9, 10] . The phospholipase C-stimulating G-protein of neutrophils is sensitive to both cholera and pertussis toxins [11, 12] . Neutrophils have therefore been widely used as a cellular model system to study the mechanisms of hormone-and/or guanine-nucleotide-stimulated inositol phospholipid hydrolysis. Towards this aim, the stimulation of phospholipase C has been examined in intact or permeabilized neutrophils, or in membrane preparations after the radiolabelling of the inositol phospholipids with either [3H]inositol or [32P]ATP (see refs. [5] , [9] , and [10] for recent reviews).
Several reports have appeared suggesting the existence of guanine-nucleotide-regulated phospholipase C enzymes in cytosolic preparations of a variety of tissues or cell types, e.g. human platelets [13, 14] , calf or bovine brain [6, 14] , human epidermis [15] and calf thymocytes [16] . Moreover, evidence has been provided that many of the purified cytosolic phospholipase C enzymes may not significantly differ in structure from their membrane counterparts [6] . These findings, together with our previous observation that pertussis-toxin substrates exist in both particulate and cytosolic preparations of neutrophils [17] * To whom all correspondence should be addressed.
Germany) or from Sigma (Deisenhofen, Germany). Sodium deoxycholate was purchased from Aldrich (Steinheim, Germany). Na4P207 (anhydrous) and imidodiphosphate (sodium salt) were from Sigma. All other materials were from sources previously described [17, 18] .
Cell culture and preparation of cytosol HL-60 cells were grown in suspension and induced to differentiate into mature myeloid forms by addition of 1.25 % (v/v) dimethyl sulphoxide to the culture medium [18] . Differentiated cells were pelleted by centrifugation [18] (40 ,ul/assay) containing 87.5 mM-Tris/maleate buffer (adjusted to pH 7.3 at 20 'C with NaOH [19] ), 140 mM-KCl, 17 .5 mM-LiCl, 0.070% (w/v) sodium deoxycholate and 4.8 mM-EGTA. This suspension was sonicated for 15 min at 20 'C in a bath-type sonicator (Sonorex RK 102; Bandelin, Berlin, Germany) and directly used for determination of phospholipase C activity.
Phospholipase C assay Phospholipase C activity was assayed for 20 min at 25 'C in a mixture (70,u1) consisting of 40,u1 of lipid substrate, 15 u1 of cytosol, 10,ul of the nucleotides specified in the Figure legends and 5 jul of CaCl2 to adjust the concentration of free Ca2+ to the desired value. The concentrations of CaCl2 were calculated as described in [20] by using the stability constants for EGTA given in [21] . The final concentrations of phosphatidylethanolamine and [3H]PtdIns(4,5)P2 were 280 and 28 juM (5 Ci/mol) respectively. When samples were analysed for individual inositol phosphates, the incubation medium was supplemented with 10 mm-2,3-bisphosphoglycerate to inhibit degradation of Ins(1,4,5)P3 [22] . The reaction was started by the addition of cytosol and terminated by adding 350 jul of chloroform/methanol/conc. HCI (500: 500: 3, by vol.). Samples were incubated for 30 
Inositol phosphate analysis
Inositol phosphates were analysed by using a slightly modified form of the procedure described in [23, 24] . In brief, 200 jul of the aqueous (upper) phase obtained by phospholipid extraction was supplemented with liquid indicator (Riedel-de Haen, Seelze, Germany), neutralized with -40 jul of 1.5 M-KOH containing 75 mM-Hepes, and applied to columns (0.6 cm x 1.5 cm) of Dowex-1 resin (Cl-form; Sigma 1 x 8-200), which had been converted into the formate form by washing with 1 M-NaOH, followed by washing with 1 M-formic acid and equilibration with water in accordance with ref. [25] . Inositol was eluted with 3 ml of water, glycerophosphoinositol with 3 ml of 60 mM-sodium formate/5 mM-sodium tetraborate, InsP with 3 ml of 0.2 Mammonium formate/0. 1 M-formic acid, InsP. with 3 ml of 0.4 Mammonium formate/0.1 M-formic acid, and InsP3 with 3 ml of 1 M-ammonium formate/0.1 M-formic acid. Each fraction was supplemented with 10 ml of scintillation fluid (Instant Scint. Gel; Packard, Frankfurt, Germany), and radioactivity was determined in a liquid-scintillation counter. The columns were re-used after regeneration by sequential washing with 8 ml of 2 M-ammonium formate/0.1 M-formic acid and 10 ml of water.
Inositol phospholipid analysis
Inositol phospholipids were analysed by t.l.c. on precoated HPTLC silica-gel 60 plates (Merck, Darmstadt, Germany) as described in [26, 27] . In brief, the plates were impregnated with 1.2 % (w/v) potassium oxalate in methanol/water (2; 3, v/v) and activated by incubation for 15 min at 120°C before spotting. Portions (140 1l) of the organic (lower) phase obtained by phospholipid extraction were evaporated to dryness, resuspended in 120 jul of chloroform, supplemented with 3 jug each of non-radioactive Ptdlns, PtdIns4P and Ptd1ns(4,5)P2/tube, and applied to the activated plates. The individual phospholipids were detected by iodine vapour, and the radioactivity in the spots corresponding to Ptdlns, PtdIns4P and PtdIns(4,5)P2 was determined by scraping and liquid-scintillation counting in 4.5 ml of scintillation fluid (Quicksafe A).
Data presentation
All experiments were performed at least three times. Inositol-phospholipid-specific phospholipase C isoenzymes display two pH optima for enzyme activity, 5.0-5.5 and 6.5-7.0 [7] As the precise composition of HL-60-cell cytosol is essentially unknown, the cytosolic preparation was concentrated by pressure filtration in a stirred cell equipped with a Mr-I0 000-cut-off membrane to generate an appropriate control buffer for the dilution experiment shown in Fig. 4(a) . Fig. 4 (a) were due to limiting amounts of substrate, a time course of inositol phosphate formation was performed at the highest concentration (5.8 mg/ml) used in this experiment. Fig. 4(b) demonstrates that generation of inositol phosphates was linear with time for up to 20 min, regardless of whether GTP [S] was absent or present in the incubation medium. Note that the experiment shown in Fig. 4(a) was performed for only 15 min. Consumption of substrate is therefore unlikely to be the cause for the plateaus observed in Fg-. 4(a) .
DISCUSSION
The results presented in this paper provide direct evidence that guanine nucleotides stimulate the hydrolysis of PtdIns (4, The observation that InsP3 is the major inositol phosphate produced by GTP[S]-stimulated inositol phospholipid hydrolysis, together with the finding that GTP[S] leads to increased formation of PtdlnsP from PtdIns(4,5)P2, has several important implications for the mechanism of GTP[S]-induced inositol phosphate formation by HL-60-cell cytosol. First, it is unlikely that GTP[S] stimulates inositol phosphate formation indirectly by stimulating a PtdlnsP kinase. This mechanism has previously been suggested for human placental and rat brain membranes [29, 30] , and has gained additional support from the very recent observation that chemoattractants may stimulate PtdInsP kinase activity in intact human polymorphonuclear leucocytes [36] . Although the precise mechanism(s) by which GTP[S] enhances the level of PtdlnsP is unclear at present and requires further investigation, this finding clearly argues against an involvement of PtdInsP kinase in the effects of GTP[S] on inositol phosphate formation reported here. Second, the finding that GTP[S] leads to a major increase in InsP3, but only minimally increases InsP2, strongly suggests that the phospholipase activated by GTP[S] is of the C-type rather than the D-type. The latter possibility was raised by a report on the existence of a phosphatidylinositolspecific phospholipase D in post-nuclear fractions of human neutrophils [37] [38] [39] [40] [41] (Fig. 3) . Second, the Ca2+-sensitivity of GTP[S]-stimulated inositol phosphate formation reported here for HL-60-cell cytosol is very similar to the values reported for GTP[S]-stimulated InsP3 formation by permeabilized neutrophils or HL-60 cells [40, 41] . However, markedly less Ca2+ appears to be required for stimulation of basal phospholipase C activity in HL-60-cell cytosol, compared with permeabilized neutrophils [40] or HL-60 cells [41] . The reasons for this discrepancy are not clear at present. Finally, it is noteworthy that the extent of GTP[S]-stimulated inositol phospholipid hydrolysis has been reported to be about 10-fold higher in permeabilized HL-60 cells than in HL-60-cell membranes [5, 42] . Interestingly, addition of pig lymphocyte cytosol to HL-60-cell membranes restored the extent of inositol phospholipid hydrolysis to levels observed in permeabilized cells [5, 42] . It [12] , i.e. two G-proteins with a-subunits with molecular masses in the 40 kDa range, it is likely that one of these a-subunits is also present in HL-60-cell cytosol to stimulate phospholipase C in this subcellular compartment. However, HL-60-cell cytosol also contains a variety of low-molecular-mass GTP-binding proteins (D. Sidiropoulos & P. Gierschik, unpublished work). Interestingly, low-molecular-mass GTP-binding proteins (Mr 29000 and 25000) have recently been suggested to stimulate cytosolic phospholipase C activity in human platelets and calf thymocytes respectively [46] [47] [48] . Thus further experimentation will be required to determine whether a-subunits of heterotrimeric high-molecular-mass G-proteins or lowmolecular-mass GTP-binding proteins are involved in regulating phospholipase C activity in HL-60-cell cytosol.
The observation that the specific activity of the cytosolic phospholipase C is markedly decreased at high protein concentrations, together with the finding that this decrease leads to a marked increase in the ability of GTP[S] to stimulate the enzyme, is most intriguing and requires further discussion. First, it is noteworthy that even the highest protein concentration used here (-10 mg/ml) is still substantially lower than that found in the cytosol of intact HL-60 cells. This is based on the fact that the non-concentrated cytosol preparations used here are diluted about 10-fold during cell homogenization and contain soluble proteins at concentrations of [5] [6] [7] [8] [9] [10] [6] . First, the specific activity of all phospholipase C isoenzymes purified to date suffices to hydrolyse the total cellular PtdIns(4,5)P2 within 2-20 s, even without stimulation. Second, none of the purified phospholipase C isoenzymes can be activated by reconstitution with a variety of purified G-proteins, suggesting that a negative regulator may have been lost during purification. Recently, Meisenhelder et al. [49] reported that immunoprecipitates of NIH 3T3 cells obtained by using anti-PLC-y antibodies contained two proteins (Mr 47000 and 100000) in addition to the PLC-y polypeptide. These two proteins were not related to PLC-y by peptide mapping, and were found to be associated with PLC-y in sucrose-density-gradient centrifugation experiments too. It is thus tempting to speculate that the relevant phospholipase C isoenzyme(s) of HL-60-cell cytosol may be associated with similar proteins, and that these proteins may be important for the inhibition of phospholipase C relieved by GTP [S] . 
